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MEASUREMENTS OF NITRIC OXIDE ION VIBRATIONAL ABSORPTION
COEFFICIENT AND VIBRATIONAL TRANSFER TO N2

1. INTRODUCTION

Interest In NO~ vibrational band Intensities stems from Its relatively large
population In electron distu rbed atmospheres. The nitric oxide Ion is the most abundant
ion In auroral and other electron excited events. Principal sources of NO~ in the
l~ per oephereare tbe lonexchange reactions $ + O—NO ~ + N and O~ +

N2 — NO~ + N and the charge exchange reactions of N ; ,  N
4

, O~ and ~; with
natural atmospheric NO. Since all of these reactions are exothermic enough to excite
several vibrational levels In NO~, NO~ (v) may provide an Important source of Intrared
emission In the electron disturbed upper atmosphere.

• Radiation from vibration of NO4 (X 1f) is In the 4.3 gzm band, coincident
with the C02(v3) emission . While C02 (v3) emissions dominate In the undisturbed
atmosphere, self-absorption by cold CO 2 limits its emission sfgn~I to the wings
of the CO 2 band . For any sensor system designed to operate In these regions,
the effects of N04(v) radiation on these systems may be of great Importance.
Because of the Intense C02( 1’3) emission, NO4(v) radiation has not been detected
dur ing auroral events except perhaps to explain very prompt emission duri ng an

(1 2 )  
_ _ _  

+IBC ff1 aurora . ‘ The only un~~thIguous NO emission In the upper atmosphere
was observed dur ing a nuclear test In 1962~~’

While the ~~ tH~ fjy 5 lifetim e of NO~ has never been measured, Stair and Gsuvin~
3
~

have Interred en Integ rated absorption coe~~cient of S~~ - 500 om 2 at]]14 from the
1962 ~~clear obeerv~LLons past the CO2 blue spike region. This value was obtained
th~~u~gh ~~~~~~~~~~~~~ assumptIon~ of vibr lr~~al equilibrium end atmospheric tra nsmission.
The only other 1nfor”~ tIon of the vibrational lifetime of NO~ has been from ab Initlo

(1)
~ UlwIck, IC ECAP 1975 Data, presented at DNA HAES Meatlng (June 1977).

(2)
~J .~ l~imer, ‘Analysis of 4. 3~z ICECAP Data ,~’ APCBL-TR-740334 (J~ily 1974).

T. St~Ir and H. P. Gauvln, Aurora and Alrzlow. B. M. MeCor mac, Ed.
Reinhold Press (1967).
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calculations by F. B1114ngaleyC4
~ and H. H. M.tchels.~

5
~ B~ l1~gsley obtained a ground

state Integr ated absorpti on coefficient of S~~ - 88. 9 cm 2 atm 1 using a multi-
configuration self-consistent field (MC SCF) approach. Similarly, Michels arrived at
a calculated value of S~~ — 168 cm 2 atm~~.

The purpose of this study is to measure the r~iH~tIve lifetime of NO+ ~~~~~~~~~~
bands In the X ground state and to measure the tr ansfer of vibration between NO4

- 
and N2 whose vibrational energies are In close resonance.

This paper describes the experimental determination of NO4 
~ v — 1 integrated

absorption coefficient In the v - 0, v — i , and v - 2 levels, and quenching of the v a 1,
v a 2, and v = 3 levels by N2. The experimental arrangement is presented In
Section 2. Results of the experimental determlw’tion of the NO~ absorption
coefficient are presented In Section 3. In Section 4, we discuss the experimental
deteri~ili~~ion of the quenching of NO~ (v) by N2. A discussion of o~r results is
presented In Section 5.

j 
____________ 

___________________________________________

(4)~ • B’11’~gsley, fl, Cbem. Phy,~ LEt 23 160 (1973) .

~~~~ H. Michela, ”Afr Molecular Computation Study~’ A1’GL TR-77-0032 (1977).
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2. EXPERIMENTAL ARRANGEMENT

The experimental arrangement for measuring the absorption coefficient of NO+

Is shown In Figure 1. Approximately 1 torr of research grade nitric oxide was put
Into the test oh~niber. The nitric oxide was photolonized by a set of 6 ultravIolet
discharge lamps, three on each side of the ch~~iher. These flash lamps provided an
active region of approxImately 15 cm long In which NO4 was formed. The photoio nized
NO~ was studied In absorption by passing a beam of Infrared laser light through the
photoio nizatlon region. White cell optIcs~

6
~ were placed on the two ends of the chamber

to allow multiple passes of the Infrared laser light through the photoion ized region.
Light absorbed by NO~ formed in this region, together with the number density of NO4

In the chamber, gave the absorption coefficient for the particular vibration-rotation
state of Interest.

A tunable diode laser (Laser Analytics) was used for the Infrared source to
measure the NO~ (v) absorption. This laser was brought to focus on the entrance
aperture of the White cell optical arrangement. Up to 104 passes through the NO4

region was obtainable using this arrangement. However , only 68 passes were used
during experimental rena to mtnhlM2e Intensity fluctuation due to floor vibrations. The
laser beam, after exiting from the White cell mirrors, was brought to focus on the
entrance slit of a im Czerny-Turnexr monochromator. The monochromator was used
to both select the frequency mode of the laser and to filter out the infrared components
of the tJ V lamp energy. To accomplish this , the slit width of the monochromator
was set to give a spectral halfwidth of 1 cm 1 in the laser spectral region. The light
exiting from the monochromator was brought to focus on a 1 mm diameter In.~
photovoltiac detector whose signal was amplified and fed Into an oscilloscope.
Because of the spectral coincidence between NO4 and CO2 bands , the entire optical
train was flushed with thy nitrogen. The spectral locations of specific CO2 lines
were also used for laser frequency calibration. ~

- 

-The reference transmission level through the optical train was obtained by

chopping the optical path In front of the monochromator. This chopped signal gave

• White, J. Opt. Soc. Am. ~~~, 285 (1942).

4
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the system transmission In the absence of NO+ . The chopper was then turned off
In the open position during the operation of the photoionizlng lamps. The ratio of
laser Intensity transmitted afte r the formation of NO4 to that before formation of
NO~ , thus provided the spectral extinction rate as a function of the laser wavelength
and time. Since the haifwldth of the laser line ( —10~~ cm ’) was much narrower
than the Doppler width of the absorbing line ( — 5  x i0~~ cm~~), the Integrated
absorption coefficient of the NO4 (v, 3) transition could be measured by timing the
laser across several points of the absorption line.

A typical calibration curve for the tunable diode laser is shown In Figure 2.
Because of the temperature cycling of the diode from room temperature to 100K as
the laser Dewar was filled, the actual timing range varied from day to day. However ,
the laser usually tuned over at least one vibration rotation line per temperature
cycling. Note that the timing slope of the laser varied with current. The actual
timfr~g slope for the particular wavelength of Interest was obtained for each run. In
order to obtain the absorption halfwidth as well as location of the absorbing NO~ (v)
line.

The ultraviolet lamps used in this apparatus were of a modified Lyman configura-
tion providing a 290000K blackbody cot~1nuum r”dI~tion when disthargedP~’ 

8) Helium
gas was passed through the lamps at approximately 3 torr pressure. All 6 lamps
were discharged simultaneously by trl~~erIng 6 spark gaps In parallel, each
connect 1ng1fluh Iamp toah 1gh speed capacltor charged to 1O kv at 4~~F. The
time synchroniz~ 1on between lamp discharges was withIn 1 and 2 ~js In all experimental
rena.

The output from each lamp was monitored by an Ionization detector placed
behind the region monitored by the White cell optics In the absorption ch~mher. The
purpose of these Ion detectors was to ensure that sufficient ion pairs were produced
during each experimental i~m. The actual ion density, as a function of time, was
determined separately. Each ionization detector consisted of a pair of parallel

Lyman, Science ~~~, 89 (1926).
(S)~ F. Holzrlchter and J. L. Emmett, Awl. Opt. ~, 1459 (1969).

5
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FIgure 2. Typical Laser Thrnlng Curves From Diode Laser.
Relative Laser Intensities Varied With Time and Laser Current.

plates across which was put a 300V potential. Electrons produced In the photoioutza-
tion would be attracted to the anode plate cansing current to flow. The cathode and
anode were shielded from UV light through a pair of guard rings placed at ground
pot,~t1~I. The pot,nt4n.1 difference between the anode and ground was measured
across 33O~l resistor. The change In potAnhl~1 was then proportional to the current
through the anode, hence, the number of photoelectrons produced. Using this
measurement scheme, It was established that more than 1013 ions pairs per cm3

were produced per flash along the lanip a,ds ithin the absorption cell when the cell
was filled to 1 torr with NO.

6
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In order to obtain the vibrational transfer cross section from NO~(v) to N2,
provision was also made to bleed a partial pressur e of N2 Into the absorption chpmber .
The pressure In the cell was monitored by a barat ron pressure gage, reading from
0 to 10 tor r with a least coimt of 10~~ torr . The partial pressure of N2 was

• raised u~~l NO~ (v) tra nsfer to N2 caused a more rapid decrease In the extinction of
diode laser s4g~~l In the v 1 and higher vibrational states than would be attributable
to dissociative recombination. The quenching of laser light e~~nction by N2, as a
function of N2 pressure, thus gave a transfer rate of NO~ (v~ 3) to N2.

The absorption of laser light by NO~ formed during photoioniza±ion typically,
gave a sf gn~l as shown In Figure 3. This trac e represents the ac component of laser
light ~~lllng on the detector. Discharge.noise caused a large positive spike which
triggered the oscilloscope. NO~ formed by phcto1~nizat1on absorbed the laser
emission giving the drop In total tht~~~4ty. Dissociative recotnblnation, together with
quenching of the vibration rotation line by NO and, as in Figure 3, 1 torr of N2,
caused the ~lgn~l level to return to its do level. The noise at late times was typical
of the detector noise within the system even when no laser signal was present.

.øf 10!L5 f._~.

Figure 3. Typical Oscilloscope Trace of The ac Component of Transmitted
Laser Light. Horizontal Scale Represents 10 ~is/diV, Vertical 20 mV/div.
The Test Chamber Was Filled With 1 torr of NO and 1 torr of N2. The
Laser Line Was Tuned to Approximately the Peak of The NO~ v = 2 to V ~ 3,
R2 Absorption Line.

7
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3. MEASTJREMENT OF NO+ ABSORPTION COEFFICIENT

The absorption coefficient for the ~v 1 vibratIonal transition In NQ~(X 1E~~~)

ground electronic level was obtained by measuring the time varying extinction
described above. When the laser wavelength was coincident with the NO~ (v) line,
some extinction of laser ~~~~~~~ would result after the flash lamps were fired as
seen In FIgure 3. This time varying extinction was a measure of both the absorption
coefficient and the number densities of the states Involved In the transition. The
populations of the two states Involved In the transition was deter mined from the
dissociative recombination rate of NO~ and the relative populations of NO~ In the
various vibrational levels. Rotational equilibrium was assumed throughout the
experiment. V1br~±lon~l equilibrium, on the other hand, was assumed slow In the
time scale of the experiment.

The relative concentrations of the lower and upper vibrational states In the
transition were determined through fitting the measured window transmission with
a predcted spectrum from the UV l~inpø and previously measured spectral data on
photo1onlzatIon?~ Since MgF2 windows were used In front of the UV lamps, the
bandpass through which phatolonlzation could occur was 11rnft ed from 1130 to 1337A.
Fortunately, there have been many studies In the threshold region of the NO
photo ion1zation~

9’10’ 11) From the measur ud photofon ization efficienc y in this region ,
the measured window transmission, and assuming a lamp output of a 30000°K blacithody
continuum , the relative photoionlzat lou was arrived at as a function of wavelength and
plotted In FIgure 4. Also plotted, are the effects of TJV lamp blackbod y temperature of
40000 and 20000°K. The vibrational partition, using this technique and the vibrational
partitions measured as a function of UV wavelength by T2n~kn, et ~~~~ gave 0.29 ,
0.39 , 0.22 , 0.08 , and 0. 02 for the relative population s of the v — 0 through v — 4 levels,
respectively,

~
)
x. Tanaka, K. Honm~, I. Loyano, and I,Tana ka, 3. Chem. Phys. ~~~, 3347 (1974).

C. Kiligoar, Jr. , G. E. Lerol, 3. Beitowitz, and W. A. Chupfr2,
J. Chem. P~iys. ~~~, 803 (1973).

~~~K. Watanabe, F. M. Matsunaga, and H. S*k,~~~ 4ppl. Opt. ~~ 391 (1967).
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The spectral absorption cross section for a molecule is given by Beer ’ a law:

1
- NQ ‘ 

(1)

where N Is the number of molecules In the absorbing level, ~ is the total path length
In the absorbing gas, equal in this case to the namih er of passes In the White cell
times the length at the photoionized region. The quantities I and I~ are the transmitted
light Intensities with and without absorption, respectively.

The concentration N is a function of the photoionizatiui cross section, the
recombination rate and the relative nnmher of molecules in the particular vibration-
rotation level. Thus, N can be expressed as:

N #RNv~) 
‘ (2)

where +R is the rotation partition function and N~(t) Is the number density in vibration
level v. In this experiment, rotational equilibrium was assumed, as the rotational
relaxation time was appro~dmately an order of n ngiiltude faster than the shortest
experimental time of Interest. Thus, the rotational partition function is:

— 
~~ + 1) IC exp [— J( J+1 ) (hoB)/kT] , (3)

where J Is the rotational level and B the rotational quantum number. The nrnnher
density of NO~ In vibrational level v is given by:

______ 2• v 
~ avNvNe - kN~M , (4)

where is the recombination rate of NO+ In vibrational level v, N~ the concentra- 
•

tion of NO~ (v), N~ the electron concentration, and k Is the attachment coefficient of
N~ to M. The lnitia l condition to Eq. (4) is :

N~ — 4~~N0 , (5)

10
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• where ~~~ls the relative production rate of I(O~ In vibrational level v and N0 Is the
total nnmher density of NO~ produced. By operating at low enough NO pressures so
that the second term on the rigl*.band aide of Eq. (4) may be neglected, and assnmlng

• - a ~ is Independent of v, the concentration of NO4 in the vibrational level v, and
• 

- 
• rotational level J, Is:

N
N 

~R ‘~v 1 + N0 a ~t (6)

The total absorption by NO~ (v, 3), from Eq. (1), must be time dependent, such that,
In (~ /1) must vary as 1/N. £~ir1ng the experiment, the ratio 

~‘o 1)/b ~Ias at all
times less than 10 2. Thus, In (loll) may be substituted by the expansIon giving:

~ I~ 
- 1o

Note that the choice of t a 0 in Eq. (6) can be rather arbitrary, provided that there
is no production term in Eq. (4). SInce both 41/b and 1/N must have the same time
dependence, the concentration, N, at any time, t0, may be calculated by the relatio n

~ I(t) — 1 + N(t0) a~ (t - t0) . (8)

Here, it may be seen that N(t0)is notafunctionof the total extlnction but only of the
rate of change of extinction with time. Knowing the recombIn~t1on rate coefficient
and the time varying extinction slgn~l~ measured as the an component to the total
laser light transmitted through the optical system, thus gives a nrnnher density.
It is assumed here, that no other quenching of NO~ (v) is occurring simultaneously.

The t1n~(ng range of the laser allowed the study of several vibration rotation lines
In NO~ . These lines are listed In Table 1. While there were laser lines to study all
of the NO~ (v) lines listed, measurements of the Integrated absorption coefficient
were made only of the P5 line of t h e v —  1 tov—2transition and the R2 line of the

:i
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TABLE 1. NO~ (v) ROTATION LINES Wfl~~N LASER BANDPASS

Calculated Measured Cross Section
Loc9~on Location at Peek

Vibrational Transition (cm ) (cm~~) (cm ’)

v — 0 to 1 P12 2294.1
P13 2289.7 2289 .76 5 x 1O~~

6 (*2~)
P14 2285.2

• P15 2280.7

v — l t o v — 2 P5 2291.6 2291.63 1.5±0 .4x10 15
- P6 2287.4 2287.45 1.3i0 .5x10~~

5

P7 2283.3 2283.35

v — 2 t o v — 3  R3. 2282.8

R2 2286.7 2286.72 2.2 * 0.3 x
— R3 2290.4

R4 2294.4

v — 3 t o v — 4  RiO 2282.7

Ru 2286 .1 2286 .30 2 ± i . 5 x 1 0~~
5

R12 2289 .5

v — 4 t o v — 5  R20 2281,9
R21 2284.9
R22 2287.8

- 
_________  •

L ~~~~~~~~~~~~~~~ 
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• v = 2 to v a 3 transition. In addition, spectral absorption coefficients were
obtained for the Bli ljne of t h ey— 3t ov=4 t rans j t j onand the pj 3 line of the v a O

- to v -1 transition. Unfortunately, due to the low signal-to-noise of these later two
measurements, sufficient data was not av2i~~hle to obtain a meenlngful Integrated

• absorption coefficient from these two transitions. Siinfl~rly, the P6 line of the
v -1 to v — 2 transition was measured using a rather weak laser line, which was near
the mode shifting threshold of the laser. Becanse of the uncertainty Introduced by the
laser ~h1ft, the Integrated absorption coefficient was not obt~1n~hle using this
transition.

The locations of the lines of interest were found by measur ing the locations of
1~~own CO2 Unes~

12
~ and interpol~t1ng across the t~mlng range to obtain the precise

locati onoftheNO~’. In thia way, the P5 line of NO4 ( v a l t o v - 2 ) waa found to be
at 2291. 63 cm~~, while R2 line of thev-2tova3transi tion waa found to Ue at
2286.72 cm 1. These measured values were within 0. 1. cm 1 of measurements by
Mieecher~

13
~ who deduced the vibrational strocture from electronic transitions of

NO~.

The concentration of NO~ was calculated using a least squares ~t of the data to
I, (14)Eq. (8) assnmlng a7 — 4.3 x 10 cm” sec (T5/300) • The relative

population of the lower state Involved In the absorption transition was then given by
Eq. (6). UsIng this technique, the spectral absorption coefficient was obtained as a
function of laser curre nt from Eq. (1). The spectral absorption cross section for the PS
line of the v — i  to v — 2  and the R2 line of the v — 2  toy -3  transItions are shown In
FIgur es 5 and 6, respectively. The laser current , plotted on the abscissa of these two
figures, was fit to the tnnlng slope shown In FIgure 2 to obta in the llnewtd th . Th. laser
tmilng rate was 7 cm 1 per ampere, giving an absorption haifwi&h of 0. 0056 cm ’1

approaimately the Doppler width for NO~ at 300°K. The integrated absorption coef-
ficient was thus computed using a 300°K Doppler profile.

(12)~~ Oberly, K. N. Rao, Y. H. Hahn, and T. K., McCubbln, J r ., J. Mob. Spect. ~~ ,
138 (1968).

~
13

~E. Miescher, Rely. Phvslca. Acta,~~~ 135 (1966).
Huang , M.A. Blondi, and R. Johnaen, Ph.~~ Rev. All, 901 (1975).

13
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FIgure 5. Spectral Absorption Cross Section of PS Line of v- 1 to V -2
Level Band of NO~. Line Center at 2291. 63 * 0.01 cm~~, T~in4ng Rate
of 7 cm-i/amp.
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FIgure 6. Spectral Absorption Cross Section of The R2 Line In The v - 2 to
v -3 Band. Tuning Rate Equals 7 cm~~~/amp. Line Location at 2286. 72 *
0. 01 cm 1.
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The absorption cross section was obtained by assn~ning that the relative population
In the v = 1, v - 2, and v a 3 levels were 0. 39, 0. 22, and 0. 08, respectively. The
corresponding Integrated absorption coe~~cienta become S12 = 236 * 20 cm 2 atm 4

for the P5(1 -2) line and S23 325 * 20 cm 2 atm 4, for the R2(2-3) line. Note
that these absorption coeffl~1ents are taken with highly nonequllibrated vibrational
temperatures. If we convert these absorption coefficients to their respective rates
at thermodynamic equilibrium, their absorption coefficients become ~12 a 430 * 50

and S~~ — 653 * 80 cm 2 atm 1, respectively. The larger error In the equilibrium
calculation stems from the uncertainty In the relative populations of the v = 1, V = 2,

and v a 3 levels of the photoionized NO.

Note that the ratio S22/S12 is approsimately 3/2. From these relative values,
it may be assumed that NO~ is a harmonic oscillator with a linear dipole moment
derivative, In which case, 

~01 may be extrapolated to give a value of S01 ~
215 cm 2 atm 1.

These Integrated absorption coefficients may be converted Into vibrational
f-numbers and Einstein A coefficients . The respective values for Einstein A
co~~~cients of the v a 1 and v — 2 levels, together with the extrapolated v a 0 level,
are listed in Table 2. Also listed are the corresponding values obtained by
F. Bi1H~gsley from an MC SCP calculation.

TABLE 2.

Si~(cm 2 atm~~) Aul(sec ’)

‘This Work SCF~
4
~ This Work scp~

4
~

v a 2 t o 3 653 95. 8 2. 7 x 10 5

v — i t o  2 430 176 634 26~2 1.8xl0 5

v a 0to l 215 88.9 31.5 136 9 x10~~

16 
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4. MEASUREMENT OF THE NO~ VIBRATIONAL EXCHANGE WITH N2

The transfer rate of vibration from the v = 1 and v = 2 levels of NO~ to N2
was measured by observing absorption In the P5 and R2 absorption lines of these
two vibrational levels, respectively. By using the absorption of Infrared light as
a monitor, the relative populations of the v = 0 , v a 1, v 2, and v a 3 levels were
monitored as a function of N2 pressure. Since the extinction of laser light is directly
proportional to the population of the abso thing level, the time varying signal is a
measure of vibrational transfer from NO~. The disappearance of NO~ (v) is from
the following processes :

(Bi) NO~ (v) + e N +0 a = 4.3 x lo 7rre/300y O• 3?

cm3 sec4(14)

(P.2) NO~ (v) + NO + NO — NO~ • NO + NO k2 a 5 X 10 cm6 sec l(’5)

(R3) NO~ (v) + N
2 

+ N2 NO~ N2 + N2 
Ic3 — 2 x io 3~ cm6 sec~~ 

(16)

(R4) NO~ (v) + NO NO + NO~(v -1) Ic4 = This work

(P.5) NO~ (v) + N2 NO~(V -1) + N2~ Ic5 = 
- 

This work

The experimental technique ‘or measuring the rate Ic5 was to Introduce N2
into the absorption cell described In Section 2 at increasing pressures until the
recomblnation rate no longer don~in~*es the disappearance of NO+ (v). Since the
absorption cross section of NO~ is constant with time, the amount of absorption Is
proportional to the number density of NO~ In the lower and upper states. The
decrease In NO~ (v) concent~-aLion with time Is given by the sum of Reactions El
through ES m1nii~ the Increase In NO~ (v) concentration due to Reaction R4 and R5
on the (v + 1) vibr~fion~l level. Reaction ES becomes Important when N2 within tile
teet chamber exceeds 30 torr In this experiment. Note that in order to measure P.4
and P.S for v 1, these reactions must be measured for v a 2, etc. However, since
the In4th~l~eonc~nta-ation of NO+ In v — 4 and above is negligible compared to v a 1
and v -2 , the quenching rate of v a 2 and v a 1 are not greatly effected by their

j ~~~~ C. Llneberger and L. J. Puckett, Phys. Rev. !~~Q~ 
116 (1969).

(16)~~ Jchnsen, C. M. Huang, and M. A. Biondi, J. Chem. Phys. ~~ , 3374 (1975) .

17
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quenching rates. Since the NO pressure was held constant at 1. torr, the effect of
the association Reaction P.2 was to Increase the apparent rate P.4 by the rate
1. 6 x io 13 cm3 sec~~.

The quenching rate of NO~ (v a 2) was measured by observing the rate of ~~1nc-
tion of light by the P.2 rotational line. The overall quenching contribution to the
disappearance of NO~ (V -2 )  is plotted In Pigure 7 as a function of N2 pressure. The

pressure of NO In the system was kept constant at 1 torr. This quenching of v Is
the sum of the contributions of k4 and Ic5 on v minus the sum of k4 and k5 on
(v + 1). Thus,

Ic 1 k + k ____ ~~~~~ + ~~~ ‘Ic ’ + k ’ N O \
measured [

~~] ~ ~ ~ 
- 

[NO~ (v)] ~ ~ 2 )‘  ~~~

where Ic and Ic’ are the quenching rates by NO and N2, respectively, for NO~ In
the (v + 1) ~4brational level. . Note that the ratio of [NO~ (v + 1)/NO~ (v)] is not
necessarily constant with time.

The depletion rate of NO~ (va3) was measured looking at the Ri 2 line. However,
due to the very low signal levels involved, only a very rough rate of

k5 (v a 3) a 2 ± 1 5  X 1O 12 cm3 sec 1 (10)

was obtained. Since this rate was comparable to the measured rate for v a 2, It was
assumed that the ratio of [NO~ (v a 3)mO~ (~ a 2)] was constant throu~~cnt the
experiment.

Substituting the value for k5(v a 3) Into Eq. (8), the quenching rate of v - 2
gives an N2 quenching rate of

k5(v — 2) a 2.4 ± 0. 3 x i~ ’12 cm3 sec4 
. (U)

18
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of NO Was Held to 1. 00 torr at All Times.
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A rate for quenching by NO can also be Inferred from these measurements by solving
the simultaneous equations (Eq. (9) ) for different N2 concentrations and t2kthg the
effect of R2 Into account;

k4(v = 2) 3. 5 ± 2 x ~~~~ cm3 sec~~ . (12)

Substituting these rates Into Eq. (9) and combining with quenching data taken on
the P5 line of t h e v = l t o v = 2 v lb rational transition, a rate of N2 removal of
NO+ (v = 1) becomes:

k5(v = 1) = 3. 0 ± 0. 5 x 10 12 cm3 sec~~ . 
- 

(13)

The quenching by NO becomes much harder to Infer because of the scatter of the data
points and relatively large contribution of v = 2 vIbrational quenching to Eq. (9)
which may, or may not, go Into v = 1. This rate Is:

k4(v = 1) ~ 1. 5 x 10 13 ± 0 ~ cm3 sec4 
. (14)

The error bars presented In FIgure 7 and in the measured rates stemmed
mainly from the fitting of experimental data to the combination of effects of the
exponential decay due to quenching and the dissociative-recombthaiion decay having
a lit dependence. Because of this combination, depletion of NO~ (v) by NO quenching
was not observable directly and is, therefore , good only to within an order of
ni~gnitude.

A measurement of vibrational transfer to (V =0) of NO~ was attempted by
monitoring the P13 line of (V =0) to (V = 1). The Initial vibrational population was
Inverted, I. e., there was more NO+ (v a 1) than (V = 0). Thus, negative absorption
was monitored dur ing the lamp pulse, which decayed to zero very quickly . This
Indicated either a more rapid recombination rate in the (V =1) level than In (v a 0)
or quenchlng of (v= 1) by NO ln the system. Upon introduction of N2, it was hoped
that absorption would be seen at late times, when NO~ (V = 1) had been quenched to

20
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below the NO~ (V =0) concentration but before dissociattve-recoxnblnation could
take plaue. This effect was seen, but no quantitative Information was available
with in the s4gn~l—to—nolse of the system,

Ii
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5. DISCUSSION

The radiative lifetime of NO~ has been calculated from measurements of absorp-
tion in the v a 1 and v — 2  levels. Since these rates are a function of the relative
conc&itration of NO~ In the lower and upper states of the absorption, uncertainty is
Introduced when rel~±lng the measured values to an absorption coefficient at thermal
equilibrium. From these measurements, vibrational thermal equilibrium would
occur only if the majori ty of NO~ vibrational excitation was quenched by N2 before
recombint~flon could take place.

The ratio of the absorption coefCcient between t h e v — 2 t o v — 3 a n d t h e v a l t o v — 2
transitions appear to follow the rules of a simple diatomic molecule with a linear
dipole moment derivative around the equilibrium Intermolecular separation, that is,
S1u~~ (V+ 1)S01 wh erev ls the vibr~~1onal level ofthe lower state . Uslng this
scaling, the Integ ra ted absorption coeffic ient of the v 0 vibratIonal level would be
215 cm 2 atm ’ as listed In Table 2. This value Is not too different from the value
which Bflhingaley~

4
~ would obtain using a slightly cU.fferent dipole moment derivative In

place of his. multiconfiguration SCF calculated result. Using a single configuration
Haxtree-Fock calculation, Billi”gcley would obtain an integrated absorption coefficient
of 251 cm 2 atm- 1 compared to his published 88. 9 cm 2 sec4. This value would be
within 20% of our measured value. Similarly, our nnmher differs from Michels’
calculated number by 25%, well within the error bars of either our measurement or
his calculations.

Our value for the integrated absorption coefficient of NO~ In the V - 2 to v - 3
transition is not In disagreement with the Stair and Gauv1n~

3
~ observations, as their

assumptions of thermodynamic equilibrium between NO~ and CO In order to ar rive
at their Integrated Intensities, allow for errors as large as a facto r of 3. Since the
NO~ produced In the upper atmosphere is by no means In thermal equilibrium and
with the rapid dissociative recoinbthatlon of NO~ , thermal equilibrium between NO~
and CO would Indeed be fortuitous.

The errors within this measurement of NO~ (v) radiative lifetime stem primarily
from determinntlon of the concentration of NO+ (v) from the dissociative recomb4n~~1on
rate. If the recoinbination rate Is highly dependent on the vibrational level, errors

22
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occur not only from the detern dnntion of the time varying lower state population but
also the time varying upper state population. Thus, an error In the recomb1n~tIon
rate of NO~ of ± 20% could change the Integrated absorption coefficient as much as
± 40%. The fractional formation of NO~ In the lower vibrational levels could also
vary by ± 20% dependIng on the transmis sion of the Mg72 windows. However, the
window transmission effects mainly the v a 3 and higher levels, causing as much as
a factor of 3 difference In v a 4 population. The relative concentrations of v — 1 and
v = 2 levels, on the other hand , are not greatly affected by window transmission .

Other sources of error In the measurement of the NO+ f-number are In the
uncertainty within the extent of the photoionization region, which could introduce a
± 5% error and In the slight detuning of the diode laser dur ing lamp discharge which
would change the NO+ line location by ± 0.005 cm~~. These sources of error are
much less important, however , than the uncertain ty In the nrnnher density of NO+ (v, J) .
Finally, the NO 7, 3, and E bands excited by the UV flash lamps may all have
vibration rotation lines within the NO~ vibrational frequency range. These electronic
band s have radiative lifetimes on the order of 0.4 ~s, however, so their absorption of
Infrared radiation quickly disappears after the flash lamp turns off. The absor ption of
laser light by these bands durlng the lamp flash gave what at first appeared to be a
very long spectral ta il In the NO~ absorption, which could have been prevented by using
a long wavelength cut off filter in front of each flash lamp. As it turned out, because of
the very short lifetime of these states, their effect was to provide a better base level
from which to determ ine lamp shut-off.

Because 1 torr of NO was used to produce NO~, some of the NO~ (v) was quenched
by NO. Thus, the instantaneous number density presented In Eq. (6) must be
modified to account for this effect. Using the rates obtained in the previous section,
this effect would be to Increase the absorption coefficient by as much as 10%. Because
of the large uncertainty In this cross section, however , this correction was not
Included within the analysis. While some latitude was present In varying the NO con-
centration within the absorption cell, a variation of a factor of 2 In NO pressure would
make it black to UV radiation. Thus, the effects of NO quenching of NO~ (v) could
not be Investigated directly using this technique.

23
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The measurement of NO~ (v) transfer to N~ was somewhat more accurate than
that of NO~ vibrational lifetime, since the absolute number density of NO~ (v) was
not necessary for this determ frI~±lon. While the Integrated absorption of excited
NO~ (v) scaled approT4mately at (+  1), no such simple sc~’~~g was available on
NO~ (v) transfer to N2. This transfer rate was seen to decrease slightly for higher
vibrational levels of NO~ , rather than Increasing. If this trend holds for vibrational
levels higher than 3, It would be expected that NO~ formed In the high vibrational
levels would contribute most of the radiation In the upper atmosphere. Since only
transfer from v -1 and v — 2  levels were measured in detail, however, this Is a
premature conclusion.

While no previous measurements have been made on ~~~(v) quenching by
various estimates have been made based on the observations of auroral actLv1ty.~

1
~~

From the lack of detection of NO~ (v) In the upper atmosphere, estlm2tes of q”en~hIng
rates as high 10~~ om~~ sec~~ii.ve been proposed. ]~ie to the a i~~ily joo d
overlap of NO~ with CO 2. however, the lack of any detectable NO~ may be due to
the fact that the sig~~I Is buried within the very large CO 2 signature. It is
Interesting to note that quenching of NO~ by N2 is on the order of 10 tImes more
efficient than the transfer of C03( v ~~

) to N2. This could easily be accounted for by
the tonic nature of NO~ as well as Its dipole moment . This quenching rate, together
with the factor of 1O3 lower 1NO~] than [C02J ,  even during an IBC Class II aurora~~

8
~

could result in an NO~ emission ~~ weaker than C0 2 ( v3) In an auror al event .

~~~D. H. Arche~ Private Communication.
(18)~~ s. Narcisi, C. Sherman, L. E. Woldyha, and J. C. TJlwIck, J. Geo~hye. Bea. ~~ ,

2843 (1974).
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In conclusion, both the NO~ (v) radiative lifetime and the transfer of vibration
to N2 have been measured In this experiment. While both these measurements were
the first to be performed on the NO~ ion, they agree at least qualitatively to values
Inferred from upper atmospheric studies. In order to obtain a better picture of the
N0~ emission during electron disturbances In the upper atmosphere, both the degree
of vibrational excitation during NO~ formation and the transfer of vibration
to 0 and 02 must also be measured.

_ _  
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DEPARTMENT OF THE ARMY
Conm~ander /Dtr ector
Atmospheric Sciences Laboratory O1CY Attn DRXDO-NP - F N WlmenltzU.S. Army Electronics Command 

~~~~ ~~~ DRXDO-fl- Mildred H Weiner -White Sands Missile Range , NM 88002
O1CY Attn H Ballard - Director -

O1CY Attn M Diamond TRASANA
O1CY Attn Robert Rubio White Sands Missile Range , NM 88002
O1CY Attn R Olsen O1CY Attn ATAA-SA
O1CY Attn DRSEL-EL -SY D Snider DirectorO1CY Attn DRSEL-RL-SY-S F E Niles
O1C Y Attn DBSEL-RL-SY-R F Butterfield U S Army Ballistic Research Labs

Aberdeen Provin g Ground , MD 21005
Director O1CY Attn DRXBR-AN W R Vanantwerp
BMD Advanced Tech Ctr O1CY Attn DRXBR-AM G E Keller
Huntsville Office O1CY Attn J A Vanderbilt
P.O. Box 1500 O1CY Attn J Heimerl DRXRD -BSP
Huntsv ille, AL 35807 O1CY Attn John C Master

O1CY Attn ATC-T Melvin T Capps O1CY Attn Mark I) Kregel
O1CY Attn ATC -O W Davies oicy Attn Tech Lib Edward 3aicy

OlCY Attn Martin MillerDep Chief of Staff for Rach Dev and ACQ
Department of the Army - - - Commander
Washington, DC 20310 TI S Army Electronics Commend

O1CY Attn NCB Division Fort Monniouth , NJ 07703
O1CY DAMA-CS2 -C O1C Y Attn Inst for Exploratory Rae
Ol CY DAMA-CS2 -C 0]CY Attn DRSEL -RD-P
O1CY Attn Safeguard and Spac e Div O1CY Attn DRSEL-PL-ENV

Hans A RomkeChief of Engineers O1CY Attn DRSEL-TL-IRDepartment of the Army Edwin T HunterForr estal Building
O1CY Attn DRSEL-XL -DWas hington , DC 20314

O1CY Attn Fernand IDe Per cin O1CY Attn DNA Coordinator
O1CY Attn DRSFL -WL-MS

Deputy Chief of Staff for OPS and Plans oic~ Attn Stanley Kro neberz
Department of the Army oic~ Attn WPNS Effec ts Section
Washington, DC 20310 CommanderO1CY Attn DAMO-DDC Col David W EInsel

O1CY Attn DAMO-SSN Dir of Chen i and U S Army Foreign Science and Tech Ctr

~mc o~~s 
220 7th Street , NE
Charlottesville , VA 22901

Commander - OICY Attn R Jones
Harry Diamond Laboratories Commander2700 Powder Mill Road U S Army Materiel Dev and Read iness CMDAdelphi,MD 20783 5001 Eisenhowe r Avenue(CNWDI-INNER ENVELOPE: Alexandr ia, VA 22333Attn: DRXDO-RBH) O1CY Attn DRXCD-TLO1CY Attn William Carter DRXDO-TD O1CY Attn DRCLDC J A Bender
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Departm e nt of the Army (Cont.)

Commander
U S Army Missile Command
Redstone Arsenal , AL 35809

O1CY Attn Chief DOC Section
O1CY Attn DRSMI-ARL
O1CY Attn DRSMI-SX Chief Scientist

Commander
U S A r m y Nuclear Agency
Fort Bliss, TX79916

O1CY Attn Mona-We J Berreret

Chief
US Army Research Office
P. 0. Box 122U
Triang le Park , NC 27709

O1CY Attn CRDABD-DCS Herniann R Robi
O1C Y Attn CRDARD-P Robert Mac e

Commander
Whippany Field Office (BMDSC-WS-W)
Bell Telephone Laboratories
Whippany Road
Whippa ny NJ 07981

O1CY Attn John Turne r

Commande r
White Sands Missile Range
White Sands Missile Range , NM 88002

O1CY Attn STEWS-TE -NT Marvin P Squi res
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DEPART MENT OF NAVY

Chief of Naval Operations O1CY Attn CODE 7750 Darrell F Strobe l
Navy Department O1CY Attn CODE 7750 Klaus Ha m
Washington, DC 20350 O1CY Attn CODE 7750 J Fedd.r

OlCY Attn OP 981 O1CY Attn CODE 2600 Tech Lib
O1CY Attn CODE 604C3 Robert Places! O1C Y Attn CODE 4004 Emanua l L Bran caio

OI CYAtt nCODE 7125.7 Donald J Horan
Chief of Naval Resea rc h O1CY Attn CODE 7750 S L Ossakow
Navy Depa rtment OlCYAtt n CODE 7750 Paul Jul ienne
Arlington, VA 22217 O1CY Attn CODE 7122 Douglas P McNutt

O1C Y Attn CODE 46! R Gracen Joiner OlCYAt tn CODE 7700 Timothy P Coffey
O1CY Attn CODE 46! Joc ob L Warner OlCYAtt n CODE 7127 Charles Y Johnson

01CYAtt~ DODE 7101 P. Manc e
Commander
Naval Electronic Systems Command Commander
Naval Electronic Systems CMD HQS Naval Surface Weapons Center
Washington , DC 20360 White Oak , Silver Spring , MD 20910

01C r Attn Elex 03 OlCYAtt n CODE WA5OI Navy Nuc PRGMs off
O1CY Attn PME U7-T Satellite Comm Project Off O1CY Attn ID J Land

O1CY Attn L Rudlin
Commandi ng Officer O1CY Attn Technical Lib rary
Naval Intelligence Support Ctr
430! Suitland Road Bldg. 5 Commander
Washington, DC 20390 

-. Naval Surface Weapons Cent er
O1CY Attn Document Control Dahlgren Laboratory

Dahigren, VA 22448
Commander O1CY Attn David F Hudson
Naval Ocean Systems Center
San Diego, CA 92152 Comma nder

03C T Attn Technical L ibra ry Nava l Weapons Center
O1C Y Attn CODE 2200 William F Moler China Lake , CA 93555
O1CY Attn CODE 220 Richard Pappert O1CY Attn Document Control
O1CY Attn CODE 2200 flan Rot bmutler
O1CY Attn CODE 2200 Herbe rt Hughes Commander
O1CY Attn CODE 2200 Jurgen Richter Naval Weather Service Command
O1CY Attn Tech Lib For T J Keary Naval Weather Service Headq~~rtsrs

Washington Navy Yard
Super intendent (Code 1424) Washington, DC 20374
Naval Postgraduate School O1CY Attn Mr. Mart in
Monterey , CA 93940

(Desires No CNWDI DOCUMENTS) Commanding Officer
O1CY Attn CODE 2124 TECH RPT S Librarian Navy Astronautics G roup

Point Mugu, CA 93042
Director O1CY Attn W J Gleason
Naval Research Laboratory
Washin gton, DC 20375

O1CY Attn CODE 7709 WAHAR All
O1CY Attn CODE 7120 Robert L Kinzer
O1C Y Attn CODE 770! Jack I) Brown
O1CY Attn CODE 7730 Edgar A McC l ean
OlCY Attn CODE 7750 3 Da.vls

30

~—-~~~~~~~~~ - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— - 

-— -~~~~ --



r7
____ ___

~

_

_ _ _ _- ~~~~~~
.
~~~~

-
~~~

———— - - -. ——- —----
~

- 

I 

(Department of Navy cont.)

Commanding Officer
Nuclear Weapons TNG Cen te r Pacific
Naval Air Station, North Island
San Diego, CA 92135

O1CY Attn Nuclear Warf ire Departme nt

- Commander
Nuclear Weapons TNG Group Atlantic

- Norfolk, VA 23511
O1CY Attn Nuclear Warfa re Department 

~~~~~~~~~~~~~ I 1
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DEPARTMENT OF THE A1B FORCE

AF Geophysics Laboratory, AFSC Commander
Hanscom AFB, MA 01731 ASD

O1CY Attn LKB Edmond Murad WPAFB, OH 45433
O1CY Attn C Stergis O1CY Attn ASD-YH-EX LTC Robert Leve r ette
O1CY Attn LKB A Faire
O1CY Attn OPR James C Utwick DE18 , 3OTWS
OlCY Attn lPhg J C McCla y APO San Francisco , CA 96301
O1CY Attn LKB William Swider Jr O1CY Attn Capt Edmund D Dafzewski USAF
OICY Attn LKB John Paulson
O1CY Attn LKB Kenneth S W Champion Headquarters
O1CY Attn LKB T 3 Keneshea Electronic Systems Division/ES
O1CY Attn LKS F R Innes Hanscom AFB , MA 01731
O1CY Attn LKD C R Philbrick O1CY Attn Esti
O1CY Attn LI~~ Rocco S Narc isi
O1CY Attn Opr Alva T Stair Headquarters
O1CY Attn LKO Robert E Hufiman Electronic Systems Division, (AFSC)
O1CY Attn OP John S Garing Hanscom AFB , MA 01731
O1CY Attn OPR 3 H Schuxnmers O1CY Attn James Whelan
O1CY Attn OPR F Billingsly O1CY Attn W C Morto n
OICY Attn OPE F Deigreco
O1CY Attn OPR Harold Gardner Commander
OICY Attn OPR R E Murphy — Foreign Technology Division , AFSC
O1CY Attn OPR J Kennealy Wright -Patterson AFB , OH - 45433
O1C Y Attn OPR R ONeill O1CY Attn TDPSS Kenneth N Williams
O1CY Attn Suola E L Cunba O1CY Attn We
O1CY Attn OPR T Connol ly O1CY Attn Nicd Library

AF Weapon s Laboratory, AFSC HQ USAF/In
Kirtland AFB , NM 87117 Washington , DC 20330

O1CY Attn Sul O1CY Attn In
O1CY Attn DYC Joseph Janni O1CY Attn Ins
O1CY Attn DYT Capt Gary D Cable
O1CY Attn Maj Gary Ganonc HQ USAF/RD
O1CY Attn CC Col G 3 Freye r Washington , DC 20330
OlCY Attn DYT LTC Don Mit chell O1CY Attn Rd

O1CY Attn RDP M
AFTAC - OI CY Attn RD DCS D Rand
Patrick AFB , FL 32925 O1CY Attn RDS A

O1CY Attn TD O1CY Attn -RDQ
O1CY Attn Tech Lib O1CY Attn RDQSM
OICY Attn TN

HQ USAF/XO
Headquarters Washington, DC 20330
Air Forc e Systems Connand O1CY Attn XOOSN
Andrews AFB
Wash ington , DC 2033!

O1CY Attn DLS
O1CY Attn Technical L ibra ry
O1CY Attn DLCAW
OICY Attn DLTW
O1CY Attn DLXP Capt Roisel 32
O 1CY Attn SDR
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I
(Department of the Air Force cant.)

Commander
Rome Air Development Center , AFSC
Gr iffiss AFB , NY 13440

O1CY Attn OCSE J J Simons

Saxnso/AW
P. 0. Box 92960
Worldway Postal Center
Los Angeles, CA 90009

16CY Attn AWW

Samso/Dy
Post Office Box 92960
Worldway Postal Center
Los Angeles, CA 90009
(Technology)

O1CY Attn DYE LTC W E Herd rich

Samso/SZ
Post Office Box 92960
Worldway Postal Center
Los Angeles, CA 90009
(Space Defense Systems)

OlCY Attn SZJ Major Lawrence Doan

Samso/XR
Post Office Box 9296 0
Worl -dway Postal Center
Los Angeles, CA 90009
(Developm ent Plans)

O1CY Attn XR

Commande r In Chief
Strategic Air Command
Offutt AFB, NB 68113

OICY Attn Adwate Capt Bruce Bauer
O1CY Attn XPES Maj Brian G Stephan

4th Weather Wing, Mac
ENT APB , CO 80912

O2CY Attn AESB
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OTHE R GOV ERNMENT AGENCIES

Argonne National Laboratory O1CY Attn DOC CON for Robert Brow nlee
Records Control OICY Attn DCC CON for William Maier - 

-

9700 Smith Cass Avenue OlCY Attn DCC CON for W D Barfield
Argonne , IL 60439 O1CY Attn DCC CONTROL for Donald Kerr

OlCY Attn DCC CON for A C Wahl O1CY Attn DCC CON for W M Hughes MS 559
OlCY Attn DCC CON For S Gabelnic k O1CY Attn Referenc e Library Ann Beyer
OlCY Attn DOC CON for 3 Berkowitz OtCY Attn DOC COn for John Ziun
OlCY Attn DCC CON for LIB SVCS RPTS SEC O1CY Attn DCC CON for F W Hones Jr.
OICY Attn DCC CON for Len Leibowitz O1CY Attn DCC CON for E A Bryant (No Dasia~O1CY Attn DCC CON for David W Green
O1CY Attn COC CON for Gerald T Reedy Sandia L aboratories

Livermore Laboratory
Division of Military Appl icatio n p. 0. Box 969
US Energy Rsch & Dev Adniin Livermore , CA 94550
Washin gton, DC 20545 O1CY Attn DCC CON for Thomas R Cook Org
O1CY Attn DCC Control for Donald I Gale 800
O1CY Attn DCC Control for Col T Gross Sandia Laboratories
OlCY Attn DOC CON for Maj ID A Haycock P. 0. Box 5800
OlCY Attn DCC CON for Frank A Ross Albuquerque , NM 87115
OICY Attn DCC CON for David H Stade OLCY Attn DCC CON for Craig Hudson

OICY Attn DCC CON for 3141 Sandia RPT CCLI -

University of California OICY Attn DCC CON for Morgan L Kramm Org
Lawr ence Livermore Laborato ry 5700
P. 0. Box 808 O1CY Attn DCC CON for ID A Dahlgren Org 1722
Livermore , CA 94550 OlCY Attn DCC CON for LE Anderson Org 1247

O1CY Attn G R Haugen L-404 OICY Attn DCC CON for Char les Wt lUams
OlCY Attn A Kaufman L-96 (Clas s L -94) O1CY Attn DCC CON for J C Eckha rdt Org 1250
O1CY Attn ID S Wuebbles L-142 OlCY Attn DCC CON for C W Gwyn Org 2114
OICY Attn S F Tinney L -517 O1CY Attn DCC CON for Org 9220
OI CY Attn Ju ltus Chang L-71 OlCY Attn DCC CON for W D Brown Org 1353
OlC Y Attn Tech Info Dept L-3 OlCY Attn DCC CON for T Wright
OlCY Attn W H Duewer Gen L-404 OlC Y Attn Document Control Division

OlCY Attn DON CON for Frank P Hudson Org
Los Alamos Scientific Laboratory 1722
P. 0. Box 1663
Los Alamos, NM 87545 US Energy Rach & Dev Admin

OlCY Attn DCC CON for Groud CMB-I Division of Headquarters Services
O1CY Attn DCC CON for C R Mehl Org 5230 LIbrary Branch G-043
O1CY Attn DCC CON for David W Steinhaus Washin gton, DC 20545
O1CY Attn DCC CON for H V Argo OICY Attn DCC CONTROL for ID Kohistad
O1CY Attn DCC CON for T Bieniewski CMB-1 OICY Attn DCC CON for Joseph ID Laft eur
O1CY Attn DCC CON for J Judd O1CY Attn DCC CON for Class Tech Lib
O1CY Attn DCC CON for Martin Tierney J-tO OICY Attn DCC CON for George L Rogt sa -

OICY Attn ID M Robrer MS 518 OICY Attn DCC CON for RPTS Section
O1CY Attn Doc CON for John S Mal ik OLCY Attn DCC CON for Richard J Kandel
OLCY Attn DON CON for Marge Jo hnson O1CY Attn DCC Control For H H Kurzweg
O1CY Attn DCC CON for S Rockwood OICY Attn DCC CONTROL for John Mock
O1CY Attn DCC CON for R A Jeif ries
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(Othe r Governm ent Agencies C ont. )

Albany Metallurgy Research Cente r Departm ent of Transpo rtation
U.S. Bureau of Mines Tra nspor~ tion Rsch System Center
P. 0. Box 70 Kendall Square
Albany, OR 97321 Cambridge, MA 02142

O1CY Attn Eleanor Abshire O1CY Attn F Marmo

Central Intelligenc e Agency Depart7r re ut of Transportation
Attn : RD/ST RM 5G48 HQ Bldg Office of the Secretary
Washington , DC 20505 TAD-44.l, Room 10402-B

O1CY Attn NED/OSI - 6G48 HQS - 400 7th Street S. W.
OICY Attn NED/OSI - 2G48 HQS

Washington , D C 20590
Department of Commerce O1CY Attn R Underwood
National Bureau of Standards O1CY Attn Richard L Strombo ine TST-8
Wash ington , 1) C 20234 O1CY Attn Samuel C Coro niti

(all corres: attn sec officer for) O1CY Attn Document Control
OICY Attn George A Sinnatt
O1CY Attn B Stiener NASA
O1CY Attn ID R Lide GODDARD SPACE FLIGHT CENTER
O1CY Attn D Garvin Greenbelt, MD 20771
O 1CY Attn Lewis Ii Gevant man
OICY Attn 3 Cooper O1CY Attn A C Aiken
OICY Attn J T Herron - OICY Attn G Newton CODE 621
OlCY Attn S McKinley OlCY Attn S S Bauer 

-

O1CY Attn K Kessler O1CY Attn James I Vette
OlC Y Attn M Krauss O1CY Attn Gilbert D Mead CODE 641
O1CY Attn M Scheer O1CY Attn J Siry
O1CY Attn B F Hamp son Jr. O1CY Attn J P Hepne r
O1CY Attn B Taylor O1CY Attn Technical Libra ry
O1CY Attn Jamess Devoe O1CY Attn R F Benson

O1CY Attn H A Taylor
Department of Commerce O1CY Attn M Sugiura
Offic e of Telecommunications OICY Attn G Levin
Institute for Telecom Science - O1CY Attn A Tempk in
Boulder , CO 80302

OLC Y Attn William F Uttaut NASA
George C. Marshall Spac e Flight Center

Department of the Interio r Huntsville , AL 35812
U.S. Geological Survey O1CY Attn C B Balcher
Special Projects Center O1CY Attn N H Stone
Bldg 26 , Federal Center O1CY Attn W A Oran
Denver , CO 80225 O1CY Attn CODE ES22 John Watts

O1CY Attn Joseph C Cain O1CY Attn W T Roverts
O1CY Attn R ID Hudso n

Department of the Interior OLCY Attn B Chappell
U.S. Geological Survey
Washington, DC 20242
O1CY Attn RobertWRegan

35

~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~T 
~~~~~~~~~~~~~~~~~~~~~~

-=- -~---.~~ Liii



(Othe r Governmen t Agencies cont.)

NASA National Bur eau of Standard s
600 Independence Avenue S \V 325 Broadway
Washington, DC 20546 Boulder , CO 80302

OLCY Attn E B Scbmerling (class, for Jila: Name on inne r env. only)
O1CY Attn CODE ST W L Taylor O1CY Attn W Carl Lineber ger Jil a
O1CY Attn J Morrison O1CY Attn G Beid(unc l only)
Olcy Attn G Sharp O1CY Attn J Whealton
O1CY Attn A Schardt O2CY Attn A V Phelps J ila
O1CY Attn M Tepper O1CY Attn Gordon H Dunn Jila
OLC Y Attn D P Cauff man O1CY Attn Peter L Bender Ji la
O1CY Attn N Roman O1CY Attn Stephen J Smith J ila
O1CY Attn H H Kurzweg
O1CY Attn B A Schiffer National Oceanic & Atmospheric Admin
O1CY Attn LTC ID B Hallen beck CODE SG National Weather Servic e
O1CY Attn J Naugle Department of Commerce
OJ CY Attn S Findlay Silver Spring, MD 20910
O1CY Attn CODE ST D R William O1CY Attn J K Angell
O1CY Attn Morris Tepper O1CY Attn L Macl ila
O1CY Attn P. Eaton
O1CY Attn B. Fellows National Oceanic & Atmospheric Admin
O1CY Attn A Gessow National Ocean Survey

Department of Commerce
NASA Washington Science Center
Langley Research Center Rockville, MD 20852
Langley Station O1CY Attn Edward S Epstein
Hampton , VA 23365 O1CY Attn Gerald A Peterson

OLC Y Attn Char Les Sche~mayder MS 168 O1CY Attn Wayne McGovern
O1CY Attn JohnWTow nsend Jr .

NASA
Johnson Space Center National Oceanic & Atmospheric Admin
Houston , Th 77058 Environmental Research Labo ratories

O1CY Attn Owen Garr iot Department of Commerce
O1CY Attn Classified Lib CODE RM6 Boulder , Cc) 80302

O1CY Attn C Gordon Little
NASA O1CY Attn Douglas D Cromble
A-mes Resea rch Center O1CY Attn Fred Fehsen feld
Moffett Fiel d , CA 94035 O1CY Attn A H Shap ley

OICY Attn C P Sonett O1CY Attn R43 Donald J Williams
O1CY Attn 14-254-4 Walter L Starr O1CY Attn Jos eph H Pope
O1CY Attn M-254-4 B Whitten Unci only O1CY Attn Waither N Spjelth ik
OLCY Attn N-245-4 lila 0 Poppoff O1CY Attn R43 Herbert H Sauer
OICY Attn 14-245-3 Pal mer Dyal OlC Y Attn S W Pope
OICY Attn 14-254-3 Neil H Farlow O1CY Attn Eldon Ferguson

O1CY Attn ID K Bail ey
NASA Scientific & Technical Info Fac O1CY Attn RX1 Robert W Knecht
P. 0. Box 8757 O1CY Attn Robert B Doeker
Baltimore/Washington Intl Airport
MD 21240 National Science Foundation

O1CY Attn Sar/DLA—385 1800 G Street N. W.
OICY Attn ACQ Branc h Washington , DC 20556

(No classified to this address)
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(Other Government Agencies cont.)

O1CY Attn W H Cramer OLC Y Attn F Keller
O1CY Attn Rolf Sinclair O1CY Attn Thomas ID Taylor
O1CY Attn W D Adams OI CY Attn 3 Steven s
O1CY Attn B Manka O1CY Attn Harris Mayer
O1CY Attn A Grobecker O1CY Attn G Miliburn
O1CY Attn MK Wilson OICY Attn George Pa ulika s
O1CY Attn E P Todd O1CY Attn J Sorre l s
O1CY Attn B Heer - OICY Attn Irvi ng M Garfunkel
O1CY Attn B S Zapoisky O1CY Attn J B Blake
OlCY Attn B. LaCo nte OICY Attn Sidney W Kash

OICY Attn L W Aukerman
Research Director O1CY Attn Ju lian Reinheimer
Pittsburgh Mir ’ng and Safety Rsch Ctr O1CY Attn J Woodford
Bureau of Mine s O1CY Attn B B Cohen
4800 Forbes Avenue OICY A ttn N Cohen
Pittsburgh , PA 15213 OICY Attn M Berg

O1CY Attn Robert W Van Dolah O1CY Attn T Widhoph
OlCY Attfl Francis E Spencer Jr.

US Arms Control & Disarmament Agcy
320 21st Street N. W.
Washin gton, ID . C 20451

OLCY Attn Reference Info Cente r
O1CY Attn Office Of Diredtor

US Department of Transportation
2! 2nd Street S E
Washington, DC. 20590

O1CY Attn S. Coruniti, Deputy Mgr.
Climatic Impact
Assessmant (TST 2.!)

Aerospace Corporation
P. o. Box 92957
Los Angeles, CA 09990

O1CY Attn S P Bower
OlCY Attn R Grove
O1CY Attn Library
O1CY At t nR0Pru ett
OlCY Attn Mr. Goldsmith
OLCY Attn R D Rawc llffe
OICY Attn B S McNea~O1CY Attn V Josephson
O1CY Attn R Mortensen
OICY AttnMEWh lt aon
OLCY Attn T Friedman
OlCY Att n ORCook
OLCY Attn ID C Pecks
O1CY AttnVWal l

1
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DEPAR TMENT OF DEFENSE CONTRACTORS

Aero -Chem Researc h Laboratories, Inc . Bell Laboratories
P. 0. Box 12 6200 E Broad Street
Princeton, N. S. 08540 Columbus , CH432 13OICY Attn A Fontiju O1CY Attn G F Mohnstreiter

Aerodyne Research , Inc . Boeing Company, The
Bedl3rd Research Park p. o. Box 3707
Crosby Drive Seattle , WA 98124
Bedford , MA 01730 O1CY Attn Glen Keiste rOLC Y AttnMCarnac

O1CY Attn F Bien The Trus tees of
Boston College

Aerojet Electro—Systems 0 Dlv Chestnut Hill Campus
Div of Aerojet-General Corporation Chestnut Hill , MA 02167
P. 0. Box 296 , 1100 W Houyvale Drive otc~~ Attn Library Uncl Only
Azusa , CA 91702 O2CY Attn Chairman Dept of Chem

O1CY Attn Dawn Stuart O1CY Attn R Hegblom, Newton Campus
OLCY Attn R L Carovillad

Aeronomy Corporation O1CY Attn R Eather
217 S Neil Street
Champaign, ~L6l820 BowhlU Professor Sidney AO1CY Attn Sidney BowhlU -. 155 ElectrIcal Engineering Bldg.

Urbana , IL 61801
American Nucleonics Corporation oic~ Attn Document Cont rol
6036 Van e! Avenue
Woodl and Hills , CA 91364 Dept of Chemist ry

O1CY Attn Sec Officer for G L Brown Brooklyn College
Universi ty of the City of New York

American Science and Engineering Inc Ave H and Bedford Ave.
955 Massachus etts Ave. Brooklyn , New York
Cambridge , MA 02139 mc~ Attn Technical Librar y

O1CY Attn Document Control
Brown Engineering Compa ny , Inc .

Avco-Everett Research Laboratory Inc Cummings Research Park
2385 Revere Beach Parkway Huntsville , AL35807
Everett , MA 02149 O1CY Attn N Passino

OICY Attn C W Von Rosenberg Jr. O1CY Attn Romeo A. Dellber ls
O1CY Attn Technica l Library OICY Attn J Dobkins -

OICY Attn J E Cato
Batte lle Memorial Institute OLCY Attn Ronald Patrick
505 King Avenue
Columbus , OH 43201 CalIfornia at Los Angeles, Univ of

O1CY Attn Donald 3 Hamma n Offic e of Contract & Gran t Admin
O1CY Attn Radiation EFF Info Ctr 405 Hllgard Avenue
O1CY Attn Richard K Thatcher Los Angeles , CA 90024

O1CY Attn T A Farley Space Sd Lab
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(Departm ent of Defense Contractors cont.)

California at Rive rs ide , Univ of California , State of
Riverside , CA 92502 Air Resour ces Board

O1CY Attn Alan C Lloyd . 9528 Tei sta r Avenue
OLCY Attn James N Pitts Jr . El Monte, C A 91731

OICY Attn Leo Z afonte
Californi a at San Diego, Univ of
3175 Mlramar Road Cal iforni a, Universi ty of
La Joll a , CA 92037 Space SciencAs Laborato ry

— O1CY Attn C E Mcflwain Physics Dept Berke ley, CA 94720
O1CY Attn S C Lin OICY Attn Bodo Pa rady

O1CY Attn C I Meng
California at San Diego, Univ of
Bldg B—O l O Ca lspan Corporation
Dept of Applied Mech & Engrg Sciences P. 0. Box 235
La Jolla , CA 92093 Buffalo , NY 14221

OI CY Attn David R Miller OICY Attn W Wurster
O1CY Attn C E Trea nor

California at Santa Barbara , Univ of Santa Barbara O1CY Attn G C Valley
Physics Department OICY Attn Technical Library
Santa Barbara , CA 93106 O1CY Attn M G Dunn

OICY Attn M Steinberg
Chem Data Research

California Institute of Technology 2800 Williams Way
1201 E. California Blvd. Santa Barbara , CA 93105
Pasadena, CA 91109 O1CY Attn Keith Schofiel d

O1CY Attn V Anieich
O1CY Attn S Laude nslager Colorado , Universi ty of
O1CY Attn A ID Williamson Office of Contracts and Grants

380 Administrative Annex
California Institute of Techtx)togy Boulder , CO 80302
Jet Propulsion Laboratory O1CY Attn Charle s A Barth LASP
4800 Oak Grove Drive O1C Y Attn C Lineberger Jila
Pasadena, CA ~ t03 O1CY Attn A Phelp s Jila

OlCY Attn Joseph Ajello 0! CT Attn C Beaty J ila
OICY Attn S Trajmar O1CY Attn Jeffrey B Pearce LASP

California University of Col umbia University , The Trustees
Berkeley Campus Room 318 In the City of New York
Sprout Hall La Mont Doherty Geological
Berkeley , CA 94720 Observatory - Torrey Cliff

(class mail to: Attn sec officer for) Palisades , NY 19064
O1CY Attn F Mozer O1CY Attn B Phelan
O1CY Attn Harol d John ston
O1CY Attn Dept of Chern W H Miller
OLC Y Attn Kinsey A Anderson
OLCY Attn Michae l Lampto n
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(Department of Defense Contractors cont. )

Col umbia University, The Trustees of Extranuclear Laboratories , Inc
City of New York p. o. Box 11512
116th Street & Broadway Pittsburgh, PA 15238
New York , N. Y. 10027 O1CY Attn Wade Fite

O1CY Attn Sec Officer H M Foley
OLCY Attn Richard N Zare Florida , Universt iy of

An Institution of Education
Comsat Laboratories Attn: Patricia B Rambo
Linthicum Road P. 0. Box 284
Cla.rksburg , MD 20734 Gainesville , FL3260L

O1CY Attn Document Cont rol OLC Y Attn W B Person Chem Dept
O1CY Attn R Isler Physics Dept

Denver , Universi ty of O1CY Attn R C Anderson
Colorado Semina ry O1CY Attn 0 R Keffe r
Denver Research Institute
P. 0. Box 10127 General Dynamics Corp.
Denver, CO 80210 Convai r Division

(pnly l copy of class RPTS ) P. 0. Box 80847
OlcY Attn Sec Officer for Mr Van Zyt San Diego, CA 92138
O1CY Attn Sec Off icer for David Murcray otcY Attn Library 128-00

E. I. Dupont De Nemours and Company General Electric Company
Savannah River Laboratory Space Division
Document Transfer Station 703-A Valley Forge Space Center
Aiken, SC 29801 Goddard Blvd King of Prussia

O1CY Attn R B Ward P. 0. Box 8555
OICY Attn K A Sawn Philadelphia , PA 191 01
O1CY Attn R G Hirsch O1CY Attn Tech info Center

O1CY Attn P Zavitsanos
Ecometr ics, Inc O1CY Attn T Baurer
718 Willow Glen Road O1CY Attn M H Bortner Space Sd Lab
Santa Barbara , CA 93105 O1CY Attn J Burns

O1CY Attn Nyle G Utterbac k O1CY Attn Joseph C Peden CCF 8301
O1C Y Attn Robert H Edsall

Epsilon Laboratories , Inc . OlCY Attn F Alyea
4 Preston Court
Bedford , MA 01730 Gene ral Electric Company

O1CY Attn Carl Accardo Tempo-Center for Advanced Studies
OLCY Attn Henry Miranda 

- 816 State Street (P. 0. Drawe r QQ)
OICY Attn John Dulchines Santa Barbara , CA 93102

O1CY Attn Tom Barrett
ESL, Inc OICY Attn Mike Dudash
495 Java Drive O1CY Attn B Gainbill
Sunnyvale , CA 94086 OICY Attn Mack Stanton

O1CY Attn James Marshall O1CY Attn L Ewing
O1CY Attn W R Bell OSCY Attn Dasiac D. Reitz

O1CY Attn Tim Stephens
O1CY Attn Don Chandler
OICY Attn Jam es H Thompson
O1CY Attn S Schoutena
O1CY Attn Warren S Knapp
O1CY Attn M Atferieff
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• General Electric Company—Tempo Govt Fiscal Rel ations & Patent Off
Attn: DASIAC 275 Admln Building AG-70
C/0 Defense Nuclear Agency Universi ty of Washington
Washington, DC 20305 Seattle WA 98195

OLCY Attn William Alfonte O1CY Attn Kenneth C Clark
O1CY Attn R Geballe

General Motors Corporatio n
Delco Electronics Division Harvard University
Santa Barbara Operations Depar tment of Atmospheric Sciences
6767 Holllster Avenue Pierce Hall
Goleta, CA 93017 Camb ridge , MA 02138

O1CY Attn Robin I Primich O1CY Attn Michael B McElroy

General Research Cor poration High Voltage Engineering Corporation
P. 0. Box 3587 South Bedford Street
Santa Barba ra , CA 93105 Burlington , MA 01803

O1CY Attn John Ise Jr O1CY Attn Document Control
O1CY Attn H R Lewis

Honeywell Incorporated
General Research Corporation Avionics Division
Washing ton Operations 13350 t~.S. Highway 19 North
Westgate Research Park St. Petersburg , FL 33733
7655 Old Spr inghouse Road , Suite 700 • OLCY Attn Technical Libra ry
McLean , VA 22101

O1CY Attn Thomas M Zakrzewski Hon eywell Incorporated
Radia tion Center

General Teleph one Company of Florida 2 Forbes Road
Securi ty Dept - P. 0. Box 1221 Le~dngton, MA 02173
Tampa , FL33601 OlC Y Attn W Williamson

O1CY Attn M Dunn
Howard University

Geophysical Institute Department of Chemistry
Universi ty of Alaska Washington, DC 20059
Fairbanks , AK 99701 O1CY Attn William Jackson

(all class atm: security officer)
0!CY Attn A Belon HSS, Inc .
OICY Attn S I Akasofu 2 Alfred Circle
O1CY Attn Henry Cole Bedford, MA 01730
OICY Attn R Partha sarathy O1CY Attn H Stewart
O1CY Attn Neal Brown (Uncl only) OLCY Attn Donal d Hansen
O1CY Attn T N Davis (Tjncl only) O1CY Attn M P Shuler
O1CY Attn Technical Libra ry
O1CY Attn D S Henderson Hughe s Aircraft Company
O1CY Attn R J Watk ins Cent inela and Teal e
O1CY Attn 3 S Wagner Physics Dept Culver City, CA 90230

O1CY Attn Tech Lib
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IBM Corporation Intl Business Machines Corp
Route 17C Data Proc essing Division
Owego, NY 13827 Atlantic Region 5

OLCY Attn Technical RPTS Ctr (912 A8l6) 1801 K Street N. SV.
Washington, DC 20006

lIT Research Institu te O1CY Attn D C Sullivan
10 West 35th Street
Chicago , IL 60616 ION Physics Corporation

O1CY Attn Technical Libra ry South Bedford Street
• O1CY Attn R B Cohen B urlington , MA 01803

OlC Y Attn Charles R Hauer
Illinois Institute of Technolo gy
3300 South Federal Street IRT Corpo ratio n
Chicago , IL 60611 P. 0. Box 81087

O1CY Attn Technical Libra ry San Diego, CA 92138
O1CY Attn J A Rutherford

Illinois, University of O1CY Attn R H Neynaber
Aeronomy Laboratory OlCY Attn B F Overmyer GRT
Urbana Campus OLCY Attn R L Mertz
Urbana, IL 61801 O1CY Attn F W Simpson

O1CY Attn J Schroeder Chem Dept O1C Y Attn Evan Miller
OlCY Attn D A Vroom

Illinois, University of -

Physics Department Ja ycor
Chicago Circle 1401 Camino Del Mar
P. 0. Box 4348 Del Mar , CA 92014
Chicago , IL 60680 OlCY Attn H B Levine

OLCY Attn William J Otting
Johns Hopki ns University

Information Science, Inc . Applied Physics Laboratory
123 West Padre Street Johns Hopkins Road
Santa Barbara , CA 93105 Laurel MD 20810

O1CY Attn Walter P Dudzlak OlC Y Attn Document Librarian

Institute for Defense Analyses Johns Hopkins University
400 Army -Navy Drive 34th & Charles Streets
Arlington , VA 22202 Baltimore , MD 21218

- OLC Y Attn J M Aein OL CY Attn Joyc e J Kaufman
O1CY Attn Hans Wol fha rd
O1C Y Attn Joel Bengaton Kaman Sciences Corpo ra tion
OLCY Attn Phil ip A Selwyn P. 0. Box 7463
OLCY Attn Ida Librarian Ruth S Smith Colorado Springs, CO 80933
O1CY Attn Ernest Rauer OLCY Attn W Poster Rich

O1CY Attn Prank H Shelton
O1CY Attn P Jesson
OLCY Attn Libra ry
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• (Department of Defense Contractors cont.)

Kent State Universi ty Ma.xwe’l Laboratories , Inc .
Dept of Chemistry 9244 Balboa Avenue
Kent 0 44242 San Diego, CA 92123

O1CY Attn W C Fernellus O1CY Attn Victor Fargo
OLCY Attn A N Rostocker

KMS Industries, Incorporated OLCY Attn R Hunter
P. 0. Box 1778 O1CY Attn A J Shannon
Ann Arbor , M 48106

OI CY Attn Libra ry McDonal d Observatory at Mt Locke
University of Texas

Lewis, Dr Harold W. P. 0. Box 1337
P. 0. Box 6234 Port Davis, TX 79734
Santa Barbara CA 93111 O1CY Attn B Graba r

OICY Attn Harold W Lewis
McDonnell Douglas Corporation

Lockheed Missiles and Space Co Inc Post Office Box 516
325! Hanover Street St. Louis , MO 63166
Palo Alto , CA 94304 O1CY Attn Paratneswar Mahadevan

O1CY Attn Tom James D/52-54
O1CY Attn Richard G Johnson Dept 52-12 McDonnell Douglas Corporation
O1CY Attn Robert D Sears Dept 52—54 5301 Bolsa Avenue
OLCY Attn Billy M McCormac Dept 52-54 Huntington Beach, CA 92647
OICY Attn John Kumer D 52-64 O1CY Attn A D Goedeke
O1CY Attn Robert C Gunton Dept 52-54 O1CY Attn J Mou le
O1CY Attn John B Cladis Dept 52-12 O1CY Attn William Olsen
O1CY Attn Martin Walt Dept 52-10
O1CY Attn GH Naka no 1)152-12 B/205 Michiga n, University of
O1CY Attn J B Reagan 1)152-12 Room 119 , Cooley Bldg

2355 Bonisteel Blvd -

Lowell , Universi ty of Ann Arbor , M I 48(09
Center for Atmospheric Research O1CY Attn Tech Libra ry
450 Alken Street O1CY Attn B Meredith
Lowell , MA 01854 -

O1CY Attn G T Best Midwest Research Institute
425 Volker Boul evard

Martin Marietta Corpo ration Kansas City , MO 64110
Denver Division O1CY Attn Physics Sec Thomas H Mim e
P. 0. Box 179 O1CY Attn Physics Sec Frank T Greene
Denver , CO 80201

OICY Attn B 3 Bittner Minnesota, Universi ty of
• 2030 t niversi ty Avenue , S. E.

Maryland , Universi ty of Minneapo lis , MN 55414
Administration Buildin g (no classified to this address)

• College Park , 1~ID 21030 O1CY Attn J B Winkler
O1CY Attn J Vanderslic e Chem Dept
O1CY Attn Dept of Physics H Gr iem
OlC Y Attn Robert J Munn Dept of Chem
O1CY Attn TJRosenberg
OlCY Attn \V Benson Institu te for Mol ecular Physics 
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Minnesota , Universi ty of National Academy of Sciences
Morris Camous 2101 Constitution Avenue , NW
Morris , MN 56267 Washi ngton , DC 20418

O1CY Attn Merle Hirsch O1CY Attn William C Bartley
OlCY Attn J B Stevers

Mission Research Corporation O1CY Attn Edward B Dyer
735 State Street
Santa Barbara , CA 93101 

- New York at Buffalo , State Univ of
O1CY Attn W White Buffalo , NY 14214
O1CY Attn B Stoeckly OLCY Attn Gilbert 0 Brink
O1CY Attn P Fische r
O1CY Attn Neal 3 Carron Pac ific-Sierra Research Corp .
OLCY Attn Dave Sowle 1456 Cloverfi eld Blvd .
O1CY Attn Ral ph Kllb Santa Monica , CA 90404
O1CY Attn W F Crev ier O1CY Attn E C Field Jr.
O1CY Attn Daniel F Higgins
O1CY Attn M Scheibe Pennsylvania State Universi ty
O1CY Attn B N Wilson Industrial Security Offic e
O1CY Attn M Messier Room 5, Old Main Building
OLCY Attn Conrad L Longm ire Universi ty Park , PA 16802
O1CY Attn 1) Sappenfi eld O1CY Attn L Hale
O1CY Attn R Hendrick OLCY Attn J S NIST St
O1CY Attn B Bogusch
OLCY Attij B C]uistlan Penn sylvan nia, Universi ty of
O1CY Attn 1) Archer Dept of Chemistry

231 So. 34th Street
Mission Research Corporation-San Diego Philadelphia , PA 19174
P. 0. Box 1209 O1CY Attn W B Benne r
La Jolla , CA 92038

(Victor A J Van Lint) Photomet rics, Inc .
OICY Attn V A J Van LInt 442 Ma rrett Road

Lexington , MA 02173
Mitre Corporation, The O1CY Attn Irving L Kofsky
P. 0. Box 208

• Bedford , MA 01730 Physical Dynamics Inc .
OICY Attn J N Fr eedman P. 0. Box 1069
O1CY Attn Libra ry Berkel ey , CA 94701
O1CY Attn S A Mor in M/S O1CY Attn A Thompson

O1CY Attn Joseph B Workman
Mitre Corporation , The
Westgate Research Park Physical Sciences , Inc .
1820 Dooley’ Madison Blvd. 30 Commerce Way
McLean, VA 22101 Woburn , MA 01801

OICY Attn Allen Schneider O1CY Attn B L Taylor
O1CY Attn Kurt Wray
O1CY Attn 0. Caledonip
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• Physics Internation al Company B & D Associates
2700 Merced Street 1815 N. Ft. Myer Drive
San Leandro, CA 94577 11th Floor

• O1CY Attn Ei, e Swan Arlington , VA 22209
O1CY Attn DCC CON for Tech Lib O1CY Attn J W Bosengre n

O1CY Attn Herbert J Mitohell
Pittsbu rgh , University of
of the Comwlth Sys of Higher Educ Radiation Research Associates , Inc .
Cathedral of Learning 3550 Hulen Street
Pittsburgh, PA 15260 Fort Worth , TX 76107

O1CY Attn Wad e L Fite O1CY Attn N M Schaeffe r
O1CY Attn Frederick Kaufman
OLCY Attn Man fred A Biondi Rand Corpor ation , The
OICY Attn Edward Gerjuoy 1700 Main Street

Santa Monica , CA 90406
Princeton Univ , The trustees of OICY Attn Techn ical Libra ry
Forrestal Campus Libra ry OICY Attn Jam es Oakley
Box 710 O1CY Attn Paul Tamarldn
Princeton University O1CY Attn Cullen C rain
Princeton , N J 08540

(use P. 0. Box 36 for unclassified only) Rice t niversity
OICY Attn Arno ld J Kelly Department of Spac e Science

Houston , TX 77058
Quantum Systems , Inc . OICY Attn Ronal d F Stebbings
457-K Washington Street, S. E. O1CY Attn Joseph Chamberlain
Albuquerque , N M 87108

OlCY Attn S Ormonde Rice tniversity, William Marsh
P. 0. Box 2692

B & D Associates Houston, TX 77001
P. 0. Box 9695 (all classif ied corres att n: industrial sec supe
Marina Del Rey, CA 90291 OICY Attn 3 Chamberlain

O1CY Attn S Clay Rogers
O1CY Attn Richard Latter Riverside Research Institute
O1CY Attn R P Turco 80 West End Avenue
OICY Attn D Dee New York, NY 10023
O3CY Attn Forrest Gilmore OICY Attn Donald H Koppel
OLCY Attn Albert L Latter O1CY Attn 3 B Mlnkoff
O1CY Attn Bryan Gabbard O1CY Attn 0 Glaser
O1CY Attn William J Karzas
O1CY Attn B 0 Lindgren Science Appl ications , Inc.
OICY Attn William R Graham Jr P. 0. Box 2351

• OICY Attn Robert E Lelevier La Jolla , CA 92038
OICY Attn H A Ory - O1CY Attn Daniel A Hamlin

OICY Attn D Sachs
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Science Applications , Inc. Stanford Research Institute
Huntsville Division 333 Ravenswood Avenue
2109 W. Clinton Avenue Menlo Pa rk , CA 94025
Suite 700 OI CY Attn Allen M Peterson - 

-Huntsville, AL 35805 O1CY Attn D J Hfldenb rand
O1CY Attn Noel B Byrn OICY Attn J Lomax

O1CY Attn Burt R Gast en
Science Applications , Inc . OLCY Attn D 3 Eckst rom
2680 Hanover Street O1CY Attn Felix T Smith (uncl only)
Palo Alto, CA 94303 OICY Attn D L Huest is

O1CY Attn B Johnston OICY Attn E Klndermann
OICY Attn J T Moseley

Science Applications , Inc . O1CY Attn G Black
Ann Arbor Offic e O1CY Attn L L Cobb
P. 0. Box 328 - O1CY Attn Arthur Lee Whitson
Ann Arbo r , MI 48107 O1CY Attn James B Peterson

OLCY Attn R Meredith O1CY Attn Ray L Leadabrand
O1C Y Attn M Baron

Science Center O1C Y Attn B D Hake Jr
Rockwell International Center OICY Attn T G Slanger
P. 0. Box 1085 O1CY Attn Ronald White
Thousand Oaks , CA 91360 . O1CY Attn Walter 0 Chestnut

01CY Attn H M Coogan Acq Lib O1CY Attn Vincent L Wickwar

Sechrist , Professor Chalmers F. Stanford Research Institute
155 ElectrIcal Engineerin g Bldg. 1611 North Kent Street
University of Illinois Arlington , VA 22209
Urbana , IL 61801 O1CY Attn Warren W Berning

O1CY Attn C Sechrist O1CY Attn Charles Hulbert

Smithsonian Astrophys ical Observatory Stanford Research Institute —

185 Alewife Brook Parkway 306 Wynn Drive, N. \V.
Cambridge , MA 02138 Huntsville , AL 35805

O1CY Attn A Dalgarno O1CY Attn MacPherson Morgan

Southern California , Univ of Dept of Chemistry
University Park - Syracuse Universi ty
Los Angeles , CA 90007 Syracuse , NY 13210

O1CY Attn S W Benson OI CY Attn Technical Libra ry

Spac e Data Corporation System s, Science and Software , Inc.
1331 South 26th Street P. 0. Box 1620
Phoenix, AZ 85034 La Joll a , CA 92038
O1CY Attn Edward F Allen O1CY Attn Ralp h C Skiare w

46 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



(Department of Defense Contractors cont .)

Technology International Corporation Utah State University
• 75 WIggins Avenue Logan , liT 84321

Bedford , MA 01730 - OICY Attn C Wyatt
O1CY Attn W P Boquist O1CY Attn Doran Baker

O1CY Attn William M More Chemistry Dept
Texas at Dallas, University of oic~ Attn Kay Baker
P. o. Box 688 O1CY Attn D Burt
Richardson , TX 75080

OICY Attn A B Chr istensen Visidyne, Inc.
19 Third Avenue

Texas System , University of North West Industrial Park
P. 0. Box 7726 Burlington, MA 01803
Austin, TX 78712 OICY Attn William Reidy

O1CY Attn J C Browne OICY Attn R Waltz
OICY Attn Charles Humphrey

The Rector /Visitors of the Univ of Va OICY Attn Hen ry 3 Smith
School of Engineering & Appi science O1C Y Attn T C Degges
Rsch Labs of the Engineering Sciences oic~ Attn J \V Carpenter
P. 0. Box 336 Universi ty Station
Charlottesville, VA 22903 Wayne State University

OICY Attn B McKnight 1064 MacKenzie Hall
OICY Attn B C Bitter Detroit, l~l~ 48202
O1CY Attn H P Kelly OICY Attn Pieter K Rol , Chem Engrg & Mat Sci

O1CY Attn B H Kunnnler
TRW Systems Group
One Space Park Wayne State University
Redondo Beach, CA 90278 Dept . of Physics

O1CY Attn Tech Info Center/S—1930 Detroit , Mi 48202
O1CY Attn R Watson Rl/1096 OLCY Attn Walter E Kaupp ila
O1CY Attn R K Plebuch R1-2 078
O1CY Attn J F Friichteuicht Ri -11 96 Westinghouse Electric Corporation

Research and Development Center
United Technolog ies CorporatIon 1310 Beulah Road , Church ill Borough
755 Main Street Pittsburgh , PA 15235
Har tford , CT 06103 O1CY Attn P J Chantry

OLCY Attn Robert H BolUs
O1CY Attn H Miche ls Yale t~niversI~.vNew Haven , CT 06520

OICY Attn Engineering Department
OI CY Attn Physics Dept , Vernon Hughes
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